two years, where, he told me, he greatly improved his knowledge of local wines, brought to him apparently by his Italian guards who greatly appreciated his love of wine! Indeed, the pleasures of drinking wine had earlier been added to his music, and these passions remained with him for life.
Upon demobilization, he married Sheena Kennedy, daughter of a general practitioner in Kent. She was endowed with beauty, charm and warmth, and I am not the only one with these clear impressions (Phillip 1996; Reiss 1996) . She had been trained at the R.A.D.A., had become a Shakespearean actress, worked for the B.B.C., and acted in repertory during the war years. They had two children, Sally and Andrew.
Steptoe became chief assistant in obstetrics and gynaecology at St George 's Hospital (1947 's Hospital ( -1949 and then senior registrar at the Whittington Hospital, where he obtained the M.R.C.O.G. in 1948 and became F.R.C.S.(Ed.) in 1950. During his training in Highgate, he received great encouragement in the treatment of infertility from Kathleen Harding, his immediate chief there, although the available treatments at the time -almost always of the women -were elementary. They consisted of taking a history, recording coital habits, discussing fertility and ovulation, and if necessary admitting the wife to hospital for a D&C. Patency of the fallopian tubes was tested by gas insufflation, or by an X-ray opaque dye injected into the uterus to assess its passage into the oviduct and spill into the peritoneal cavity. The husband was rarely examined. Harding taught Steptoe how infertility was a problem of two people, resulting in a desperately serious complaint causing life-long unhappiness. It could even become an obsession and disrupt what otherwise might have been an amiable marriage. Steptoe wrote of men who, fearing that they were sterile, became impotent, and of desperate women who tried folk remedies, prayed for long periods in a darkened room, or visited special shrines (3)*. In those years there was no support for clinicians from basic science because little was known about the physiology of ovulation, tubal function, spermatogenesis, spermatozoa and reproductive endocrinology even in animals let alone human beings. Harding shared Steptoe's love of music, and sang Schubert to Patrick's piano accompaniment.
Although Steptoe was qualified for a consultant post in an N.H.S. hospital, it was very difficult to find one in London in the fierce competition with 400 of his colleagues (his estimate), and he failed in this particular endeavour. Later in his life, he sometimes brooded over his failure to gain such a post in St George's. But, as he knew better than most, it was very difficult in those days for him to succeed in gaining such employment in London, where a teaching hospital would give preference in consultant posts to those who had trained in house, and such a rare position may not have been available in St George's. On the other hand, it is possible that the somewhat wilful aspects of his character alienated the support he had in the hospital. Swallowing his pride, he applied for a job as N.H.S. consultant obstetrician in Oldham, where he began on 1 October 1951 on a salary of £1800 with maximum part-time sessions. He had received five years of specialist training before going there, and he began a new life as an N.H.S. consultant and with private rooms in Union Street, Oldham. Sheena and Patrick settled in Rochdale with their young family.
The N.H.S. unit of the Oldham and District General Hospital served 300000 people. Steptoe found that he had inherited women with enormous tumours or serious uterine *Numbers in this form refer to the bibliography at the end of the text.
prolapse, and many, many patients seeking treatment and needing care. For several years he worked with his colleagues on this massive backlog of cases. This initially took up all his time, as he often worked seven days per week to catch up until the situation was brought under far better control. By this time, he once told me, he must have treated 20% of all the women in Oldham, and his estimate was probably correct based on the number of people who stopped to speak to him in the street. He was awarded his F.R.C. O.G. in 1961. He was now freer to study some aspects of his work that had especially interested him. Despite the enormous work-load, Steptoe had not abandoned his wider interests. He had already established a family planning clinic in Oldham, and devoted part of his time to the establishment of a bank of semen donors. After some years he began to experiment with a novel surgical technique, laparoscopy. This approach involved the use of very fine instruments passed into the abdominal cavity through the abdominal wall. It was combined with a light source to illuminate the abdominal organs. He had become worried by the number of diagnostic laparotomies he undertook in his daily practice, not necessarily because of any great harm to the patients even though potentially there were serious risks in these operations. He was more concerned about the overall inconvenience and discomfort to his patients and the sheer waste of time in carrying out needless operations. His primary target was to overcome the overwhelming fact of being unable to see into the abdomen and so find out what was wrong there before deciding if a laparotomy was needed. Many of the provisional diagnoses that were made by palpation or by other semi-reliable diagnostic methods were found during a subsequent laparotomy to be incorrect or even misleading, so that many of them were a waste of time for the patient and himself. He decided to do something about this reliance on unnecessary operations and about the inadequacies of infertility treatment, which still appalled him.
Patrick had been influenced, apparently from his days in St George's, by a paper published in 1925 by Rendle Short, who worked in Bristol. Rendle Short described a method in which the abdominal cavity was distended with air under local anaesthesia and then penetrated with a cystoscope. This technique enabled the recognition of liver cancer nodules, tuberculosis, peritonitis and ectopic pregnancies. Closely similar methods had actually been introduced much earlier in one way or another, and had been tested in Germany and Stockholm at the beginning of the century. Later, Albert Decker of New York introduced culdoscopy, using a telescope inserted under local anaesthesia through the vagina and between the back of the vagina and the front of the rectum. Steptoe was not impressed when he examined this technique during a visit to North America. It involved a very difficult positioning and much discomfort for the patient on the operating table, while offering only a limited field of vision for the operator. Something better was clearly needed.
This event may have helped to strengthen Patrick's links with Raoul Palmer who, working in the Hopital Broca in Paris, had kept an interest in the development of laparoscopy alive over many years. Palmer inserted his viewing instrument, the laparoscope, and a light source into the abdominal and pelvic cavities at the relatively avascular navel. It acted like a telescope, giving excellent images of the abdominal cavity which had been previously distended with carbon dioxide, chosen as an inert gas to avoid the risk of embolisms. The space created gave the surgeon room to manoeuvre the instruments within the cavity, and the laparoscope was then inserted into it. One major difficulty lay in the necessary speed of the operation since the viewing lamp got very hot and this could desiccate or burn tissues.
Despite this problem, Steptoe was deeply impressed by Palmer, and also by Hans Frangenheim, in Wuppertal, who had designed an excellent telescope in collaboration with lens manufacturers in Germany. Steptoe's mind was made up. He decided to introduce and improve the technique of laparoscopy in Oldham, and was supported in this endeavour by his Hospital Management Committee. It always seemed to me throughout our work together in Oldham that this Committee remained permanently and firmly on his side, constantly helping and encouraging his clinical initiatives. In this sense, he had the most valuable of allies in his hospital. It is also clear that Palmer was deeply impressed by Patrick, for when another visiting English gynaecologist asked him who Steptoe was, he replied 'If you do not know him now, you soon w ill... He has a strong personality and a strong will and a technical ability that he has learnt from me and he will introduce laparoscopy to England' (Phillip 1996) .
Patrick was prepared for his adventure into laparoscopy. He first practised with his new German equipment on cadavers in the hospital mortuary, with the consent of the relatives. His first living case was a failure, to his immense disappointment. However, a second laparoscopy soon afterwards on the same patient, who was a nurse and apparently encouraged him to go ahead, was successful as he saw with astonishing clarity the size, texture and colour of the uterus, broad ligaments, ovaries and fallopian tubes. For the first time in medical history, a surgeon could make or confirm a reliable and relatively safe diagnosis on his patient by easily visualizing the conditions within her abdominal cavity. Nor did Steptoe's laparoscopy fail again! At this time, he introduced equipment designed in France and comprising a thin quartz rod that carried light cooled by an external electric fan to the tip of the instrument. This apparatus completed his essential equipment and helped him to continue perfecting his techniques.
Steptoe began an intense series of laparoscopies, innovating and improving every detail. He had completed 126 cases of laparoscopy by 1964, 2.7% of his total case-load. The delicate instruments were no wider than 1 cm, and became narrower as better models were introduced. They could be pushed easily through the abdominal wall, and gave him finger-tip control in handling and examining the organs or for excising tissue samples 'literally at the flick of one of my fingers' (3). With increasing control over the laparoscope he began a series of diagnoses in the abdomen, concentrating on gynaecological problems but fully aware of his ability to examine other tissues. He also began to contemplate the use of laparoscopy in operative techniques, no doubt buoyed by the excellent operating theatre staff he had trained to back him up. These must have been exciting years for Steptoe. He had laid the basis for his development of diagnostic laparoscopy for infertility, endometriosis, ectopic pregnancy and pelvic infection, even as he contemplated further uses for the laparoscope.
Another decisive occasion for him was the first International Symposium on Gynaecological Laparoscopy in Palermo in 1964. There he discovered the strong technical advances achieved by two German companies, Storz Instruments and Richard Wolf, working with Fragenheim. They had used the glass fibre system invented by Harold Hopkins of Reading University some 12 years previously. With it, light could be conducted from a mirror projection lamp along very fine and flexible glass fibres to a telescopic lens. Intense light was bounced in at one end, cooled by a fan, and gave brilliant cold light at the tip by means of a system of prisms and mirrors. There were no electrical connections. In many ways, the final problem of laparoscopy had been overcome, and the operative method was no longer 'a smash and grab affair'. Steptoe hurried to apply these systems in his work.
There was another equally significant development for Steptoe in Palermo. He discussed with Palmer the possibilities of female sterilization, using diathermy to destroy a small isthmic portion of the Fallopian tube. Both Palmer and Fragenheim had encountered difficulties in performing sterilization operations, not least because they both worked in Catholic areas of their respective countries. Steptoe became determined to introduce a safe and reliable method for the laparoscopic sterilization of women. His flair was shown as he returned to Oldham and performed his first 50 cases. His splendid team of clinical assistants, sisters and nurses in the operating theatre provided a constant back-up to this new work and to his other investigations into laparoscopy. If my memory serves me correctly, he reported on these and other cases at a meeting in Stockholm in the late 1960s, where he provided details on 90% or more of the first 300 cases of laparoscopic sterilization ever perfomed.
Female sterilization was transformed by these advances, and by the later introduction of tubal clips. It became the most popular option of family limitation for many women who had completed their families. By today, perhaps more than 250000000 women must have been sterilized laparoscopically, although not by the use of Patrick's diathermy which was superseded by clips and other methods since they caused less damage to the oviduct.
Diagnostic and operative laparoscopy had opened new dimensions and approaches to gynaecological surgery, and a new concept of endoscopic surgery was entering other fields of abdominal surgery. The medical world remained unimpressed, and there was little kudos for Steptoe, 'no financial support from the established bodies in medicine and research, even an almost sardonic pleasure in denying it' (Reiss 1996) . The lukewarm response of his British colleagues to laparoscopy deeply disappointed him, and many of the few who did test the method believed its only use was for sterilization.
Steptoe now wrote his textbook, Laparoscopy in Gynaecology, published in 1967 (1) . This slim and clearly written textbook was to have an enormous influence on the introduction of laparoscopy throughout the English-speaking world, and indeed came as a major stimulus to its introduction worldwide. Steptoe had already practised many other types of operation and novel therapeutic methods made possible with the technique, including ventrosuspension, adhesiolysis and even liver biopsies. He introduced the challenging concept of combining vaginal pregnancy termination with laparoscopic sterilization. In effect, his development of laparoscopy initiated 'keyhole surgery' or 'minimal access surgery' which has revolutionized many areas of surgery, e.g. through the use of morcellators to excise a diseased organ or a cancer. Minimal access surgery replaced conventional open surgery in infertility, gynaecological and obstetric disorders, the treatment of benign and malignant diseases in the female genital tract and in general surgery. Nor did he forget his infertile patients. He placed spermatozoa into the oviductal lumen in attempts to establish pregnancies in some infertile patients, without success. One problem with this approach would have been the absence of knowledge on the correct timing of insemination close to the occurrence of ovulation.
The great success of his book and his delight in demonstrating his methods to surgeons willing to travel to Oldham began to draw some early devotees to his operating theatre. I remember numerous visitors there during my initial years with Patrick in 1969 and 1970, and watched him cope with somewhat apprehensive surgeons trying to come to terms with this novel technology. Perhaps the immensity of his work and the wide claims being made for it, together with memories of hot lamps in the abdominal cavity, deterred most doctors from comprehending its novel opportunities. Despite Patrick's constant teaching, the thought that laparoscopy could be 'a major tool for pelvic surgery was greeted with mirth and derision by the establishment' (Reiss 1996) . At clinical meetings in London, he was at best disbelieved, at worst ridiculed. His work was endlessly and unjustifiably criticized by leading medical authorities, who seemed highly critical of laparoscopy in general. Patrick's colleagues from the Oldham of those days told me years later of their anger at the way he was sometimes treated during those years. I have often wondered if, once again, the harder aspects of his nature might have erected unnecessary obstacles to his recognition. It is true that he did not mince words of disapproval if he felt it necessary, yet he did not hold grudges or anger for very long. Whatever the cause, this rejection hurt him greatly, and must have been more than frustrating for him as the number of his investigations and operations successfully completed mounted steadily. The events of these years may well have shown what was wrong with the British medical establishment rather than what was wrong with Steptoe. It did seem to be set in its ways, virtually untouched by much science, and unaware of the revolutionary developments about to descend on the subject. He was the type of innovator the field so desperately needed even if it was difficult sometimes to get along with him. Patrick would no doubt get rid of his frustrations at their treatment of him by going home and playing the piano for an hour or more.
It says much for Steptoe that, despite all drawbacks, his determination never flagged. The atmosphere in the operating theatre at the Oldham and District General Hospital in the late 1960s was reflected in the words of a young registrar, Dr Petronella Clarke, sent post-haste by Mr Herbert Reiss after he had listened to a paper delivered by Patrick Steptoe. Reiss had immediately purchased the first laparoscope for his unit in the Hackney Hospital, and despatched his young registrar to Oldham to be instructed in its correct use. She wrote later 'I went in 1969 to a typical provincial hospital ... no reception desk, information point or shop in those days. I met Patrick Steptoe, who got straight down to the list, was kind, showed no impatience and obviously had the nursing staff on his side. I was not the only visitor. Patrick was preoccupied with modifications to his equipment and I saw laparoscopy on four women. I had seen an enthusiast, on the verge of international recognition, improving, innovating and extending'.
Steptoe was indeed an odds-on favourite by now to persuade his critics of the effectiveness of laparoscopy. He was not only an indefatigable operator, but also a dedicated communicator in his own chosen media, which included giving papers, films and illustrations. He was everlastingly filming his operations through the laparoscope and experimenting with new laparoscopic methods. He wrote of his own astonishment at the brilliance of the images he could obtain using laparoscopy. At a time when his work was still largely ignored or rejected, he brought some of his 'electrifying' slides to a meeting at the Royal Society of Medicine in London. He wrote how 'most endocrinologists and many gynaecologists were unaware that not only could the laparoscope provide clear naked-eye views of internal organs but that these could be photographed and filmed in full colour, such was the brilliance of the Hopkins light system. Indeed, I was able to take better shots inside the abdomen than I could with an ordinary camera' (3). When he later showed me his methods on the cauterization of endometriotic lesions, sterilization, liver biopsy and other operations in the operating theatre and then on film, it was perhaps easiest to see the fundamental detail on the film. Curiously, even though he possessed obvious talents in communication, he was never gifted at writing manuscripts, despite the great success with his textbook. Throughout our later careers together, I would have to analyse the data and write up our joint scripts, a task which was undertaken with pleasure.
Little though he knew it, Patrick was on the verge of an even larger challenge, not only with the medical establishment but now with ethicists, theologians, press and politicians. Once again, his laparoscopy could provide a most decisive stimulus to another development, the introduction of assisted human conception. One of his Letters in The Lancet, published in 1968 (2), had attracted my instant attention. It described his approach to the oviducts, which was made unbelievably easy by his laparoscopy. The whole procedure seemed so simple and obviously solved what had become my major problem at the time, namely the aspiration of human preovulatory Graafian follicles, in order to obtain the maturing oocytes for in vitro fertilization (IVF). This procedure would be necessary because oocytes matured in vivo were essential in order to obtain full-term offspring after IVF. The maturation of human oocytes vitro before IVF would not be sufficient to produce offspring, since M.C. Chang, working in Shrewsbury, Massachussetts, had shown how rabbit embryos produced in this way were unable to develop very far beyond their early cleavage divisions.
Patrick would have virtually no trouble in gaining access to the ovary, and to the Graafian follicles containing the oocytes. His talents and mine were totally complementary, and we were a perfect match in so many ways. His laparoscopy was obviously superb and his deep interest in infertility matched my knowledge on human oocyte maturation and fertilization, mammalian embryology and superovulation techniques in mice, gained in studies with my wife, Ruth Fowler, in Edinburgh some years previously. There was little doubt that stimulating the growth of follicles in the human ovary by injecting FSH preparations was highly possible. It had been achieved in amenorrhoeic women by Carl Gemzell in Stockholm, and his methods could surely be brought to a fine pitch of control in cyclic women.
How would he respond to a suggestion of joint work on human IVF? At least three clinicians had previously been very positive to the suggestion: Molly Rose of the Edgware General Hospital, London, Howard Jones of Johns Hopkins Hospital, Baltimore (where I thought we had achieved some examples of fertilisation vitro), and Victor Lewis in the Hammersmith Hospital, London. My collaboration with these doctors had lasted only a few weeks or months, as duties elsewhere interrupted our joint work. I phoned Patrick in 1968, suggesting that we collaborate on human IVF. He hesitated, asked some pertinent questions, then asked how and when we could begin. I promised to ring back, but hesitated on the threshold of our joint collaboration, daunted by the prospect of having to travel to and fro between Oldham and Cambridge. Working on human oocytes and embryos would mean my travelling to Oldham for long periods of time, and establishing a small research laboratory there. The enormous distance of nearly 200 miles between my laboratory in Cambridge and his operating theatre in Oldham would impose major burdens on my research in Cambridge, and even worse on my family life. Several of my gynaecological colleagues warned me off Patrick and his laparoscopy at this time.
It was inevitable we should meet, and this occurred at the Royal Society of Medicine in 1968 where we were presenting papers on the same day in different rooms. He had just scored an outstanding victory over his dogged opponents as he showed those 'electrifying' slides, and he had at last converted much of the audience to his views. 'You never rang me back' he said. There was only one way to proceed, and that meant I had to travel to Oldham. Patrick displayed his force of character all over again in introducing human IVF into clinical practice with me. It was not an easy ride, indeed it was full of problems and opposition from all quarters. It would result in the elimination of most forms of human infertility within 25 years, the opening of genetic analyses on human embryos, fundamental studies on virtually every aspect of human conception, and in a vast change in social outlook on human fertilization and embryonic growth. This knowledge was essential for so many purposes: for new methods and for understanding current methods of contraception, for alleviating some forms of infertility, and even in time for the introduction of new genetic technologies into human conception such, as the diagnosis of inherited defects in preimplantation embryos, and one day, no doubt, for the introduction of genetic modifications in embryos carrying a genetic affliction. And, above all, there was the enormous responsibility of conceiving children vitro, and of bringing early human life into the care of medical science.
What had been a hidden, taboo, virtually theological topic was to be brought firmly into the debates of moral philosophers, ethicists, press, patients and public, and into the legislative chambers of governments in many countries. The successive stages of fertilization became matters of intense debate by theologians. The establishment, scientific and medical, was lukewarm or hostile to our attempt at studying the beginnings of human life vitro.
Conceiving human embryos
in vitro also attracted opposition from ma the Roman Catholic hierarchy and several of its Popes who placed their theoretical dogma before the obviously enormous clinical and social advantages that unfurled as the work progressed. Criticism also came from some clinical and laboratory scientists and others who believed our work was wrong scientifically or ethically, and that any children would be born abnormal. Some ethicists even believed their abstract notion that infertility was not cured by IVF since the original condition persisted in the patients. Opinion in the Oldham and District General Hospital seemed to be largely favourable to the proposed work, although there were wide variations between the attitudes of individual staff members. Some questioned the need for IVF whereas others proved so supportive as to donate their own money for much-needed equipment when the shortage of funds became acute a year or so later.
Patrick had joined enthusiastically in human IVF: it was his chance to try to alleviate some of the many forms of human infertility that had plagued his patients over so many years. First, we had a long afternoon session at his Rochdale home about the complex ethical issues facing us. We discussed the outcome of many experiments with animal embryos and some of the intense ethical questions potentially ahead of us, such as cloning, oocyte donation, surrogate pregnancies and sexing or otherwise genetically typing embryos. He explained his problems in a most courteous manner regarding all the difficulties he had faced over his laparoscopy and his desires to find better methods of treating his infertile patients. He offered to organize space for a small laboratory in the Pathology Laboratory of the Oldham and District General Hospital and to interview and counsel patients about the distant prospects of IVF. I would collect equipment, organize media and reagents, and seek help with the proposed studies in Oldham. Four technicians came from Cambridge to help at different stages, the most dedicated being Jean Purdy, who remained with us for many years.
Patrick now had two major projects on his plate, endoscopic surgery and IVF. He found no difficulty in coping with both, although IVF turned out for me to be a nightmare of travel between Oldham and Cambridge.
He had entered IVF at the most promising time, as his laparoscopic skills had become highly refined. Some primary laboratory problems had been overcome. My knowledge on the exact timing of the human oocyte maturation in vitro 37 hours after she was given an ovulatory dose of human chorionic gonadotrophin (HCG), or after the onset of her LH surge. In addition, a few inseminated human eggs examined in Cambridge had seemed to possess two pronuclei, indicating that fertilization vitro had occurred. The problems facing us in reaching our target of achieving newborn children had accordingly been reduced to a degree, but were nevertheless still formidable, and began with fertilization in vitro. There was a belief in the need to 'capacitate' spermatozoa in order to achieve fertilization, as first indicated by 'Bunny' Austin, working in London, and M.C. Chang. Virtually all scientists studying fertilization believed that mammalian eggs could be fertilized in vitro only by first exposing spermatozoa to a uterine or oviductal environment. Human spermatozoa would seemingly have to be obtained from a woman's oviducts or uterus to cope with capacitation. Only in one species, the hamster, had R. Yanagimachi and M.C. Chang, working in Shrewsbury, Massachussetts, achieved fertilization vitro using epididymal spermatozoa, but they had been unable to obtain any further embryonic development.
Initial attempts at human fertilization in vitro were thus preoccupied with the supposed need to capacitate spermatozoa. The first patients in Oldham were therefore asked to have intercourse before admission to the hospital for hysterectomy or some other condition. Steptoe placed eggs that had been matured in vitro into their oviducts, or uteruses of other patients after their hysterectomy, to obtain or recover spermatozoa, eggs or embryos. It says much for Steptoe's relations with his patients that these complicated approaches could be successfully planned and undertaken.
In the event, the need for such complicated clinical work was quickly superseded. One of our Ph.D. students in Cambridge, Barry Bavister, used media with a high pH ( .7 .8 ) to improve fertilization in vitro in hamsters. This medium was immediately successful with human eggs in Cambridge and in Oldham, giving a very high rate of fertilization. All that was needed was to wash the seminal plasma from the spermatozoa, using a simple centrifugation, and no special efforts at inducing capacitation were needed. Every stage of human fertilization was recorded in vitro, from the moment of sperm entry into the egg until the formation of two pronuclei. This opening stage of our joint work had clearly been accomplished. Later, similar success was obtained with standard culture media, with a pH of 7.2, showing that nothing succeeds better than success itself! These results recalled my earlier years with Howard Jones in Johns Hopkins Hospital.
There was no need for any further delay in moving decisively to the clinical stage of human IVF, and the next step was to extract sufficient preovulatory oocytes to sustain a modest programme of research on human fertilization and embryo development. Preparations of gonadotrophic hormones would be needed to stimulate the growth of three or four Graafian follicles in the patients. Earlier work on superovulation in mice proved again to be of immense value, for it could easily be combined with Gemzell's studies on the induction of ovulation in adult amenorrhoeic women. He used extracts of pituitary glands collected from cadavers as a source of FSH to stimulate follicle growth. This was followed 10-12 days later by an injection of HCG to induce ovulation, just as in mice. Human gonadotrophin preparations with a high content of FSH and LH had been extracted from the urine of post-menopausal women (HMG) by Donini in Italy, and had been introduced clinically by Bruno Lunenfeld in Israel. This preparation provided an excellent method of stimulating the growth of several follicles in women, and replaced the need for pituitary extracts. Gemzell wished to induce the growth and ovulation in vivo of one or two follicles, in order to avoid multiple births. We would need several follicles and oocytes in cyclic women, and it was not known if the menstrual cycle would interfere with the actions of HMG and HCG or vice versa. The availability of HMG preparations was most fortunate for us, since the use of pituitary extracts was found a decade later to have been responsible for transmitting Creutzfeld-Jacob disease to patients. Infertile volunteers were given two or three injections of HMG every two to three days, followed by HCG on day 10-12 of their menstrual cycle to trigger the maturation of the ripening oocytes. The ovaries of cyclic women responded well, and each volunteer produced several large follicles as verified by laparoscopy between 30 and 36 h after the HCG injection. Human ovulation was confirmed to occur at 37.5 h post-HCG, so the mature oocytes were collected from their follicles just a little sooner, at 35-36 h. Patrick's laparoscopy did all he claimed it would do, by extracting three or four oocytes from each patient. Patrick was in his element, identifying patients, organizing their stimulation with HMG and HCG, and collecting urine samples for endocrine analyses of oestrogens and pregnanediol. His operating theatre team took all of this new work in their stride.
A steady, modest supply of mature human oocytes was delivered by laparoscopy from the volunteer patients. Fertilization in vitro presented few problems, standard media such as Earle's or Tyrode's with minor modifications. The exact conditions for achieving human embryonic growth in vitro had then to be de cultured in various media. Again, minor adjustments to well known culture media and strict control over the conditions of culture in vitro resul beautifully to two, four and eight cells, and into superb morulae and blastocysts after four to five days in culture. Morphologically, many blastocysts were excellent, and all of them were apparently diploid or close to it even though exact chromosome counts were difficult to make. Triploidy and other polyploid forms were absent, so the eggs had been matured correctly and had been fertilized by a single spermatozoon. Some blastocysts grew for nine days in vitro, and hatched from their zona pellucida as they expanded to thrice their size. Patrick was overjoyed by these results. Despite the vast amount of research on embryos of laboratory and farm animals, there was no possible comparison with the success of our work. We could achieve fertilization in vitro using spermatozoa from men with normal or numbers of spermatozoa, or with abnormal shapes, and from those men with seminal autoantibodies against spermatozoa. Embryos were obtained from women with tubal occlusion, endometriosis or idiopathic infertility. It was clearly time for us to replace the embryos into their mothers, since the risks of causing abnormalities in the children conceived in vitro seemed to be very low. Many studies on animal embryos growing vitro or vivo, some carried out in Cambridge, had illustrated the stability of their subsequent growth. Teratological studies on these embryonic stages of human life vivo had revealed that the preimplantation period was highly resistant to teratological damage. We should therefore have to cope with the well known risks of abnormal human births typical of a normal pregnancy, but not with any additional risks such as anomalies in the children caused by the IVF procedure. Patrick began to counsel his patients on the implications of these facts of IVF.
A new set of problems would now have to be faced, e.g. how to gain access to the mother's uterus in order to replace her embryos, and the hormonal conditions needed for embryo implantation and development. A large clinic and laboratory was needed, and our best option was to find a suitable post for Patrick in Cambridge. We decided to apply for a programme grant from the Medical Research Council for this purpose, since Patrick was willing to move if sufficient patients were available to sustain his practice.
The application was cleared through the Ethics Committee of the Cambridge Medical School, and the Faculty of Medicine welcomed the proposed plan to build a unit in the Newmarket General Hospital, close to Cambridge. The application was bluntly rejected on ethical grounds by the M.R.C. Their support would not be forthcoming, in view of the absence of knowledge about the consequences of replacing IVF embryos in non-human primates, and the justification of using laparoscopy for experimental purposes. Steptoe said very little about this rejection letter, but must have felt bitter, since he had done 2000 or so laparoscopies for clinical purposes, and was probably the world's leader in the technique. I do not know whether the M.R.C. committee had any clinical members, or at least any who practised laparoscopy. The comments on primates were equally unacceptable to me.
For Steptoe, this setback from the M.R.C. meant a complete change of plans. Still fully supported by his local Hospital Management and Ethical committees, he organized the nearby Kershaws Hospital in Royton as a small IVF centre. This tiny hospital would serve as our centre between 1971 and 1978, quite a change from its previous use as a G.R hospital! A programme of embryo replacements was planned there, usually involving two or three patients in each series. New problems to be solved now embraced uterine physiology, endocrinology and early pregnancy.
The transfer of embryos into the human uterus required study, because the obvious approach via the cervical canal was apparently ineffective in laboratory and farm animals. Passing catheters through the cervical canal into the uterus might invoke a premature decidual reaction in the uterus, cause infection, or invoke myometrial contractions that could expel the embryos. The use of too much or too little transfer medium could be a vital factor in the success or failure of our project. The design of our catheters was aimed at avoiding decidualization of the uterus while replacing the smallest possible amount of medium to carry the embryos into the uterine lumen. This form of transfer could possibly lead to ectopic implantation or placenta previa if the embryo moved to the extremes of the uterus, and might encourage an early or late abortion.
We now took two ethical decisions that were to lead us close to disaster, and to an uphill struggle for three years. First, only a single embryo, or rarely two, would be replaced in their mothers. Every IVF embryologist knows today that human embryos have a 12-15% chance of implanting. This fact was not suspected in 1972, when we assumed that human embryos would be equivalent to embryos of mice, rabbits and farm animals where implantation rates could reach 70-80%. The replacement of usually one, and rarely two, embryos was designed to avoid high-order multiple pregnancies, but it actually became a severe drawback to our chances of achieving pregnancies.
The second, and potentially more serious decision arose because some patients given HMG and HCG displayed symptoms of corpus luteum failure after the aspiration of oocytes, leading to luteal phase deficiency and a rapid return to menstruation. These conditions virtually precluded any chances of embryo implantation. The patients would need luteal phase support with hormones, perhaps for eight to ten weeks until the placenta replaced the ovary as the endocrine organ that sustained pregnancy. One solution was to give daily progesterone-in-oil injections, but these could cause scabbing when given over eight weeks. The alternative, to give HCG as a luteal phase support, would interfere with the results of a pregnancy test which would provide vital evidence soon after embryo replacement. We elected to use a long-acting depot Primulot, a 17-hydroxy progesterone caproate believed to avert threatened abortions and provide hormonal support to the uterus, quite unaware that it acted as an immediate abortifacient, as we proved comprehensively ten years later. The embryos were replaced between days 2 and 5 after fertilization, and Primulot was given soon afterwards. As we now know, this procedure terminated embryo growth a day or so later. These concepts are easy to comprehend now, with hindsight, but not then when so many other factors could have impeded implantation.
The absence of any clinical pregnancies between 1972 and 1974 inclusive led to the hardest IVF years for Steptoe. Objections to laparoscopy were subsiding, but he was now under fire about IVF! Some of the criticism was self-induced owing to his impetuosity, such as the furore that arose when he invited television crews into his operating theatre to film potential IVF patients. Our lengthening period of failure fuelled the objections of critics who believed that IVF would never work. Senior clinicians and scientists, including Nobel Prizewinners, joined in the criticism. Yet Steptoe never faltered, and was always ready to try a new idea to overcome the failures. He remained calm, and often reiterated his determination to continue as long as the faintest chance remained of helping his patients.
The sequence of failures finally ended after the methods of culture, the quality of embryos growing in vitro and embryo transfer were reassessed in meticulous detail. Embryos growing in vitro still developed superbly well. There was no sign of infection or false decidualization in the patients after embryo transfer. Uterine contractions caused by the catheter were not causing the failure of implantation since no pregnancies arose in patients treated with the muscle (3-blocker Ritodrine. One significant fact finally emerged: a few cases of a very short lived early pregnancy were characterized by short-lasting increases in levels of the pregnancy hormone HCG. The meagre evidence indicated that something was damaging the embryos soon after replacement, and a decision was taken in 1974 to reduce or abandon Primulot. This decision proved to be our turning point.
Steptoe did not lose the respect of his patients or of his Hospital Committee during these difficult years. The number of couples coming to him for IVF via the N.H.S. or as private patients remained huge, and their devotion to him impressed me. Various alternative approaches to IVF were tested during these years in attempts to establish pregnancies in these patients. Attempts were made to control the timing of ovulation in women by administering HCG during their mid-cycle, followed by artificial insemination or natural intercourse, but no pregnancies arose. Patrick's earlier work on injecting spermatozoa into the oviduct was modified by injecting a mature oocyte with spermatozoa into the oviductal ampulla, an attempt to achieve fertilization in vivo in women with infertility not attributed to tubal damage. This attempt failed, almost certainly because we replaced only one or, rarely, two oocytes. Ten years later, Ricardo Asch repeated the transfer of both gametes into the oviduct and established pregnancies using four or more replaced oocytes and spermatozoa in a process he called GIFT (gamete intra-fallopian transfer). Attempts were made in Oldham and Cambridge to avert the occurrence of sex-linked genetic diseases by classifying cleaving embryos and blastocysts as males or females. This was done by identifying the Barr body or F body as markers typical of male and female embryos respectively. Replacing only female embryos would have averted the birth of boys with these diseases, but neither of the markers could be identified.
Almost the only bright news in those three dark years concerned Patrick's continued development of laparoscopy. Now, his work was recognized worldwide, and some honours came his way. He founded the British Fertility Society and was appointed treasurer, and later President, of the International Federation of Fertility Societies in 1977. This is the highest international clinical accolade for infertility specialists. He travelled extensively, especially to the U.S.A., to the American Association of Gynaecological Laparoscopists. There, he opened many meetings by accompanying John Marlow, an ex-opera singer, at the piano. Patrick played with the San Francisco Symphony Orchestra on one occasion (perhaps more), and his equal passion for good wine was recognized by the French who made him a Chevalier, and then a Commodore de Tastevin. He carried out many of these functions despite having a severe and painful limp which led to a double hip replacement operation, performed by his old friend and pioneer of the technique, John Charnley. Patrick seemed to make a virtually miraculous full recovery.
The stalemate over IVF ended in 1975, when a pregnancy test in a patient who had received an embryo transfer proved to be positive. The test was followed by a very definite clinical pregnancy which developed well for several weeks. Patrick then diagnosed it as an ectopic pregnancy and had to remove it at the end of the first trimester. While the result was a tragedy for the patient, it was a step that proved to be fundamental for the introduction of IVF into clinical practice. An embryo grown in vitro had developed into an early fetus (Foetus foetid!) identifiable on ultrasound. The combination of an ectopic implantation with the first IVF clinical pregnancy was most unexpected, and this condition later proved to be an anomaly typical of human IVF. Problems with the luteal phase were coming to an end, as several alternative methods to overcome the endocrinological problems were tested in the next two years. First, differing hormone treatments included combining clomiphene, HMG and HCG to avert a short luteal phase, and then with bromocriptine to suppress prolactin levels. Second, a cryopreservation programme was introduced to freeze-store embryos until they were thawed for replacement during a later natural cycle in the mother. Third, the single oocyte ripening during the natural cycle was aspirated from its follicle and fertilized vitro, and the single resulting embryo was replaced into the mother when it was eight-cell. By chance, the second patient treated during her natural cycle was Lesley Brown, and her positive pregnancy test a few days later showed that we were now on the last lap of our Oldham period. Three more ongoing clinical pregnancies were established during 32 embryo transfers in natural cycles. One of them involved a triploid fetus which aborted, and Patrick photographed it and had a karyotype performed. Another pregnancy was lost at 20 weeks. The mother had decided to take a walking holiday in the Pennines a few days after her second-trimester amniocentesis. She went into premature labour on a hilltop, and struggled to the nearest distant hospital. Patrick was on hand at the delivery, but nothing could save the premature boy who died a day or so later.
The remaining two pregnancies went to term, and the birth by caesarean section of Louise Brown to Lesley and John Brown was undoubtedly Patrick's finest moment in his profession. He had protected Lesley and her fetus by literally hiding her in various places as she was pursued by the press during her pregnancy, and the hospital staff managed to get their patients including Mrs Brown through a bomb scare in the hospital during her last week of pregnancy. Patrick had coped for three weeks with the small-for-dates fetus despite intense pressure from literally two or three thousand journalists camped around the Oldham and District General Hospital. He delivered the baby in complete secrecy in that hospital, faced with even more journalists, and retired to bed to sleep in peace a few minutes before the official announcement of the birth. The third baby was born some months later, in Stobhill Hospital, Glasgow. Each of the three babies was fully formed.
Patrick enjoyed the resulting accolades, travelling worldwide time and again, even though our Oldham period was over. From now on, he was to be made welcome almost everywhere, and received the benefit of any doubts about the proprieties of IVF. The changing world of endoscopy raised his status even more. For him if not for me, the ethical arguments were largely over, and one reason may have been the use of a single oocyte instead of the several that could be obtained by the use of ovarian stimulation. His cup was full, until a disastrous day in 1978 when Sheena suffered a serious cerebral haemorrhage, on the Queen Elizabeth in mid-Atlantic. She never fully recovered, but her fighting determination to recover as much as possible was apparent from the beginning. Now he had to help her constantly, often supported by the nurses in his clinic who did far more than any duty called for.
Even after the birth of three IVF babies, we had nowhere to continue our studies. Facilities offered in Manchester were of no use to me, since the travel to and from Oldham had to end. Patrick had passed retirement age from the N.H.S., and a large hospital was needed to cope with the hundreds of his patients who were queuing up for IVF. This proved to be unobtainable in Cambridge. Fortunately, during our final days in Oldham, the editor of the Daily Mail had offered to help if difficulties arose in continuing our work. He now found a financial backer for us, Bouverie Investments, to fund a private clinic near Cambridge, and work started to build a temporary clinic in Portakabins in the grounds of Bourn Hall, a Jacobean house with an earlier Saxon connection. Work started, then suddenly stopped overnight, apparently when the company was warned of its huge financial risks if an abnormal baby was conceived in Bourn Hall. Rebuff followed rebuff as alternative sources of finance declined their support after our initial refusal by Bouverie Investments. For two frustrating years, Steptoe was largely idle in Oldham, working in his private practice.
Bouverie Investments had introduced us to a business colleague, Alan Dexter. He finally obtained the necessary finance from I.C. An initial target of 100 pregnancies was needed to show the method was successful, an urgent need since only one further IVF baby had been delivered, in Australia. This child was due to the work of Alex Lopata and Ian Johnstone. Fifteen Bourn Hall pregnancies were established within a few months of its opening. Another Australian team then emerged, which had begun their work before Bourn Hall had opened. Organized by Alan Trounson and Carl Wood, they had obtained several pregnancies using clomiphene as an ovarian stimulant. Meetings on IVF were held in Berlin and in Bourn Hall, as more and more clinicians and scientists were attracted to IVF. Within a year, Georgeanna and Howard Jones working in Norfolk, Virginia, established pregnancies using HMG and HCG, to be followed by the successes of Wilfried Feichtinger and Peter Kemeter in Vienna, Jean Cohen, Michelle Plachot and Jacqueline Mandelbaum in Paris, Brian Lieberman in Manchester and Ian Craft in London. The world was joining in IVF, even as endoscopy was rapidly extending into many areas of gynaecological and other surgical practices.
There was now a worldwide explosion into the clinical and scientific care of IVF. It was to become a fundamental and attractive aspect of obstetrics and gynaecology as new advances were reported in ever increasing frequency. The cryopreservation of embryos and the diagnosis of inherited disease in cells or tissues excised from cleaving human embryos or blastocysts had begun in Oldham and Cambridge. They now extended worldwide. A rare difference of opinion between Patrick and me occurred when he unilaterally agreed with the British Medical Association to postpone work for one year on the cryopreservation of embryos. I dissented strongly since we had all the necessary expertise to proceed, and the procedure was safe. We delayed our work in view of his promise, and for some time watched as other clinics developed the work. Linda Mohr and Alan Trounson working in Melbourne established a pregnancy from a cryopreserved human embryo which aborted, then Gerard Zeilmaker in Holland produced the world's first babies (twins) from cryopreserved embryos. By now our work had resumed, and we were catching up with the other teams.
The numbers of babies conceived under Patrick's medical care in Bourn Hall rose rapidly, approaching 1000 or even more by 1986. Male infertility began to respond to IVF. Responsibility for the care of so many patients was enormous, yet Patrick joined fully in fundamental studies including the steroidogenic properties of the ovary, the endocrinology of the follicular and luteal phases of stimulated cycles, blood flow in uterine vessels, studies on early human pregnancy and the analysis of large amounts of IVF data on rates of implantation and abortion. Even though it was a private clinic, financed independently of the N.H.S., Bourn Hall was recognized as a centre for Cambridge Ph.D. students, and several took advantage of the regular supply of human tissues. The non-stop series of ethical situations that inevitably arose as Bourn Hall flourished led to the establishment of a very active and distinguished ethical committee. It pioneered many situations novel to clinical and scientific practice on human conception, including consent forms, counselling, items of scientific and clinical research, oocyte donation, surrogate pregnancy and many others.
Patrick was kept extremely busy and in his element with the increasing organization, numbers of patients, pregnancies, visitors, and the unceasing worldwide teaching and lecturing at conferences. He left Heathrow or other U.K. airports to conferences every fortnight over a period many of years. The spread of IVF, the reintroduction of ovarian stimulation with its numerous oocytes and embryos, and rapid developments in concepts initiated in Oldham and Cambridge led to a resurgence of the ethical objections to it, especially to 'cloning and freezing'. Philosophers, ethicists, theologians and politicians became our daily colleagues in many highly charged debates on moral philosophy. Patrick and I in 1982 issued several libel actions in the High Court of London. The Warnock Committee, which was appointed by the British government and which reported in 1984, was the first national enquiry into IVF in the world. The appointment of this Committee, and its recommendations, were in one sense an immense compliment to our pioneering work, and removed much of the ethical argument from our shoulders.
For a period of seven to eight years, Patrick and I ran the largest IVF clinic in the world. It had teams of clinicians, scientists, nurses, technicians and supporting staff all working closely together, itself a somewhat unusual feature of medicine yet typical of IVF. For three to four years, more than half of the world's test tube babies were conceived in Bourn Hall. These included the first IVF babies delivered in several foreign countries, including the U.S.A. On occasions, the numbers of patients approached or passed a rate of 2000 per annum, as two clinics in London became subsidiaries of Bourn Hall. Many other clinics, especially in the U.S.A., ran only to 10% or even 5% of these numbers. Even as Patrick coped admirably with his duties as Medical Director, he was suffering again from one of his hips, and worked again in pain until his third hip replacement was performed. He now received a heavy blow: a diagnosis of prostatic cancer, which was initially treated by radiotherapy. He told few people about the extent of his illness, and showed exemplary courage in coping with it. He had to continue looking after Sheena, and must have been pleased at her slow but steady improvement, although she never recovered fully. In general, these remained happy days for Patrick, his house in Bourn being conveniently close to his family in southern England, to Cambridge and to London and the Royal College of Obstetricians and Gynaecologists. He also enjoyed his many appearances in the press and on television.
Other changes in IVF were coming fast from so many directions, including the introduction of ultrasound to replace laparoscopy as a means of oocyte retrieval. Perhaps not surprisingly at this time, Patrick did not keep in touch with such advances elsewhere as he had done previously. Ultrasound turned oocyte collection into an outpatient procedure completed in 30 minutes or so without any need for general anaesthesia. The practice of IVF was transformed, since patients did not have to stay in hospital, unless something unexpected had occurred. Yet the new buildings at Bourn Hall contained 42 beds to provide for overnight or longer stay care. Meanwhile, the number of babies conceived there grew steadily, approaching and passing 2000, and including perhaps as many as 100 or more from cryopreserved embryos. Sadly, Jean Purdy died at this time, from a melanoma. Patrick was also living on a time bomb, and inevitably received news of the resurgence of his prostatic cancer. He took Sheena to Canterbury, her childhood home, in an attempt to settle there in her familial surroundings. He was seen less in Bourn Hall. As his health failed, it became clear that long-term plans were needed about the future of Bourn Hall Clinic, which was finally sold to Aeres Serono, who could provide the necessary finance and back-up facilities.
Many honours were conferred on him during his Bourn Hall years. These included the Gregory Pincus Award and honourary membership of the American Association of Gynaecological Laparoscopists and of the Australian Society for Infertility. He became the first English Vice President of the American Fertility Society, and delivered the Leon Israel Lecture in Pennsylvania. I remember his pleasure at being elevated to Commodore de Tastevin at this time. He received an honourary D.Sc. from Hull in 1983, the Eardley Holland Gold Medal of the Royal College of Obstetricians and Gynaecologists in 1985, the F.R.S. in 1987, the Gold Medal of the British Medical Association in 1988 and finally a C.B.E. in 1988. The last of these was regarded by many as an inadequate reward in view of the immense and revolutionary contributions he had made to his country and his profession. Perhaps some of the early antagonisms were still smouldering against him. He always had a passionate loyalty to his country and his Queen and no gynaecologist living today, or in 1988, had remotely approached the significance of his contributions except perhaps for Ian Donald with ultrasound. Patrick Steptoe died on 21 March 1988, in Canterbury, only a week or so before the date of his investiture at Buckingham Palace, an event to which he was looking forward with great pleasure.
What should one conclude about Patrick Steptoe and his work? He never had any soft options offered to him throughout his medical career, yet he made things work. He was possessed of a single-mindedness of purpose and a courage that sustained him throughout his life until and including his last days. He was strong-willed and apparently attracted some of the opposition he faced especially in his early years, yet we managed very well together and resolved most of our inevitable disagreements in such a complex area of medicine without rancour. His great charm carried him through many difficult situations, inspired enormous devotion in his staff and patients, and no doubt helped to carry him through much of the criticism aimed at him. The consequences of his work have spread everywhere. Laparoscopy has become keyhole surgery or coelioscopy, which is synonymous with modern laparoscopy, the primary tool in so many modern operations. IVF has been equally successful, with perhaps 200 000 babies born already today in a world that opens dozens of IVF clinics every week. There are 150 clinics in France, and approaching 100 in the U.K. which must support several thousand workers in various professions. He would have relished the recent advances involving the intracytoplasmic injection of a single spermatozoon into an oocyte. This pioneering work in Brussels now offers fertility to practically every man previously believed to be irretrievably sterile, including some who only produce a dozen or fewer spermatozoa! The rapid advance of molecular techniques, for example into preimplantation diagnosis of inherited disease and into studies on human implantation, would have fascinated him.
He did not seem to alter much over the 20 years I knew him except perhaps to mellow with the passing years. He remained cultured in his love of food, music and wine, passionately determined to help his patients, charming when he wished to be, and brusque when he did not! He was optimistic, good-natured, reliable, a deeply affectionate family man. Popular within Bourn Hall, many staff and patients, just like those in Oldham, admired him almost beyond belief. We never discussed religion in any detail. He seemed to have a humanist outlook, although someone told me that he became more interested in religion as he aged. My overwhelming impressions remain of his determination to continue when his mind was made up, and his unflinching loyalty to his patients and friends. I shall never forget his insistence on attending the San Francisco meeting of the American Association of Gynaecological Laparoscopists only a month or so before he died; he was desperately ill, yet his determination carried him there, partly using a wheelchair. His American hosts knew the score, and did all they humanly could for him.
Sheena survived him by two years, and his daughter by six years. He is buried in Bourn churchyard and Sheena lies next to him. 
